INTRODUCTION
============

Diagnosis of asthma is difficult in infants younger than 2 or 3 years,^[@R1]^ although it has been defined as recurrent (≥3) episodes of wheezing dyspnea since birth.^[@R2]^ Wheezing is one of a number of respiratory symptoms that occur in children, and parents often use wheezing as a nonspecific label to describe abnormal respiratory sounds.^[@R3]^ There are several causes of wheeze in childhood and distinct patterns of wheezing can be recognized. In general, these patterns (phenotypes) are assigned retrospectively; they cannot be reliably recognized when a child first presents with wheezing. Furthermore, for a same child, the pattern of symptoms may change with age.^[@R2]^ The common most clinical pattern, especially in pre-school children and in infants, includes episodes of acute wheezing, cough, and difficulty in breathing, associated with upper viral respiratory infections (colds), with no persisting symptoms. A minority of those who wheeze following viral infections in early life will develop wheezing with other triggers, retaining symptoms between acute episodes (interval symptoms), as in older children with classical atopic asthma.^[@R4],[@R5],[@R6],[@R7],[@R8]^ Children with persisting or interval symptoms are most likely to benefit from therapeutic interventions^[@R1]^; cohort studies show a breakpoint at around 2 years, with most children having symptoms before this age becoming asymptomatic by mid-childhood.^[@R1]^

Respiratory symptoms are frequent in childhood; for instance, 7% of children and adolescents self-report asthma and 12% have ever presented wheezing in the European Union.^[@R9],[@R10]^ More specifically, preschool infants with respiratory symptoms, particularly those younger than 24 months, have seldom been studied in the overall population, possibly because of the complex access to subjects when performing field studies, or limited data on medical care. The national French claims database (SNIIR-AM: *Système National d'Information Inter-Régimes de l'Assurance Maladie*) records all reimbursed medical resource utilization (MRU), including related costs, in primary and secondary care, for the overwhelming majority of the French population.^[@R11],[@R12]^ To describe exhaustive MRU over a 6-month period, this study used the SNIIR-AM database to identify recurrent wheezing (RW) infants for whom there was evidence of poor initial disease control, such as hospital admission for respiratory symptoms or introduction of second-line therapy. Next, groups of infants with more severe RW were identified, and their medical care was detailed.

METHODS
=======

Data Source
-----------

The SNIIR-AM,^[@R11],[@R12]^ a nation-wide, population-based database, records anonymized individual data on all reimbursements for healthcare utilization that have been provided by healthcare professionals, including drugs, outpatient medical and nursing care. There is no direct information on the medical indication of reimbursements, but the SNIIR-AM includes information on long-term disease status (LTD status) that allows patients to receive treatment for severe and costly conditions without advancing payment. SNIIR-AM also contains information on free-access-to-care status that enables patients of lower socioeconomic status to receive free medical care. Information from the SNIIR-AM database are cross-referenced with the French hospital discharge database (*Programme de Médicalisation des Systèmes d'Information*, PMSI)^[@R12]^ that provides medical information about all patients admitted to hospital in France, including discharge diagnoses coded using International Classification of Disease 10th version (*ICD-10*), medical procedures, and French diagnosis-related groups.

The study was conducted on anonymized data: the French data protection committee (*commission nationale de l'informatique et des libertés*, CNIL) delivered an authorization to use SNIIR-AM data for this project (approval no. 1589912). The study was performed following approval by the Institute of Health Data (*Institut des Données de Santé*; approval no. 42, May 2012). Because there was no recognizable individual information in the research data, informed consent was not necessary.

Overall Study Cohort
--------------------

In the absence of diagnoses (except in case of hospitalization or when subjects benefit from LTD status), studies using French claims data rely on proxies to identify disease and outcomes criteria. For the present study, infants aged 6 to 24 months with wheezing were identified by ≥2 dispensations of respiratory drugs (R03 ATC classification) between March 2010 and December 2011; to include subjects with chronicity of symptoms, the second respiratory drug had to be dispensed between 8 and 91 days after the first one. Among these, infants with RW were identified by a marker of poor control, defined as hospitalization for asthma as primary diagnosis (*ICD-10*: J45 and J46), new dispensation of oral corticosteroids (OCS, ATC: H02AB), addition of short-acting beta agonists (SABAs---ATC:R03AC) to inhaled corticosteroids (ICS, ATC:R03BA) therapy, switch to higher dose of ICS (ATC:R03BA), or switch from ICS to nebulized corticosteroids (ATC: R03BA), within a timeframe compatible with a worsening of the respiratory symptoms leading to inclusion, that is, within 6 months following dispensation of the first respiratory drug. For all patients, the date of initial marker of poor control was defined as the index date. Only infants with ≥6 months' follow-up (to allow for assessment of RW management) documented after index date were included. The markers used to identify initial poor control were also used to identify poor control during follow-up.

Identification of 3 Subgroups With Severe RW
--------------------------------------------

MRU in 3 subgroups of subjects with more severe RW was also assessed: repeated use of respiratory therapy (≥4 dispensations of respiratory drugs---ATC: R03---within 6 months), repeated use of OCS (≥3 dispensations---ATC: H02AB---within 6 months), and hospitalization for respiratory symptoms as primary diagnosis (*ICD-10* codes: asthma, J45 and J46; acute bronchiolitis, J21; or respiratory failure, J96). Overlap between the 3 subgroups was also assessed.

Data Analyses
-------------

Infants were described according to baseline characteristics (age, sex, LTD status, free-access-to-care status and quarter of index date). Markers of poor control and MRU were described during the 6-month follow-up. Markers of poor control included the variables used for inclusion. MRU included number of visits to healthcare professional (general practitioners \[GPs\], pediatricians, hospital practitioners, nurses, and physiotherapists), procedures (radiology and biology), hospitalizations for respiratory symptoms, and medications. Quantitative variables were described using descriptive statistics: sample size, mean, and standard deviation. Qualitative variables were also described using descriptive statistics: counts and percentage of each modality were computed on the responses expressed, using available data. All analyses were performed using SAS software, version 9.3 (SAS Institute Inc, Cary, NC).

RESULTS
=======

Identification of Infants with RW
---------------------------------

Between March 2010 and December 2011, 171,392 infants aged 6 to 24 months met the definition of wheezing (≥2 dispensations of respiratory drugs) in the SNIIR-AM database. Among these, 115,489 infants were considered to suffer from RW, defined as having experienced a marker of poor control (index date), and had ≥6 months of follow-up after the index date (67.4% of wheezing infants and 8.2% of French infants younger than 24 months in 2010).

Description of the Cohort of RW Infants
---------------------------------------

The cohort included a majority of boys (62.9%; Table [1](#T1){ref-type="table"}). Mean age was 13.9 months (SD = 5.4). Infants were most frequently aged between 6 and 12 months (46.7%). Few infants (1.0%) benefited from LTD status for severe chronic respiratory failure, whereas a greater proportion had free-access-to-care status (17.1%; Table [1](#T1){ref-type="table"}).

###### 

Baseline Characteristics of RW Infants and Among the 3 Subgroups of Severe RW
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Control of RW Infants at Index Date and During Follow-Up
--------------------------------------------------------

Initial marker of poor control occurred predominantly in the fall and winter (ie, Q1 and Q4; Table [1](#T1){ref-type="table"}). OCS (57.8%) and SABAs added to ICS (59.8%) were the most common markers of initial poor control, followed by switch from inhaled to nebulized corticosteroids (1.0%), asthma-related hospitalization (0.9%), and increased dosage of ICS (0.9%) (Table [2](#T2){ref-type="table"}). During the 6-month follow-up, 91,984 (79.6%) infants had ≥1 new episode of poor control, and 11.8% had ≥4 episodes; the most common markers of new episodes were OCS dispensation (61.7%) and addition of SABAs (54.2%), followed by asthma-related hospitalization (3.7%). The mean number of new episodes of poor control per infant during follow-up was 1.7 (SD = 1.5). The mean interval between 2 successive episodes was 42.1 days (SD = 34.4) among the 79.6% of infants with \>1 episode during follow-up (Table [2](#T2){ref-type="table"}).

###### 

Markers of Poor Control at Index Date and During Follow-up of RW Infants and Among the 3 Subgroups of Severe RW
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Medical Care and MRU of RW Infants
----------------------------------

During follow-up, 30.8% of infants were supervised only by GP, whereas 25.4% had a mixed follow-up by both a pediatrician and a GP (with a mean of 7.5 visits); 34.7% had at least 1 outpatient hospital visit. Exclusive follow-up by a community-based pediatrician was not common (8.1%). Biological samplings were prescribed to 20.3% of infants and physiotherapy procedures to 50.4%; infants visiting physiotherapists had an average of 10.4 visits over the 6 months of follow-up. Conversely, nursing procedures were less frequent (6.1% of infants) and radiology procedures were rare (0.1%). The most frequent hospitalization for respiratory symptoms was for asthma (3.7%), followed by bronchiolitis (1.8%), and respiratory failure (0.3%); a total of 6350 infants (5.5%) had ≥1 hospitalization for respiratory symptoms as primary diagnosis (Table [3](#T3){ref-type="table"}).

###### 

MRU of RW Infants and Among the 3 Subgroups of Severe RW During 6 Months' Follow-up
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During follow-up, 68.7% of infants received ICS and 11.2% nebulized corticosteroids, whereas 4.6% of infants received fixed-dose combinations (FDCs) of ICS and long-acting β-agonists (LABAs). Montelukast was used by 12.8% of infants, and SABAs were dispensed to 71.2% of infants (Table [3](#T3){ref-type="table"}). Following the initial episode, most infants were dispensed a refill of respiratory drugs (90.5%); 70.6% of patients had ≥2 U (unit) during 6-month follow-up (Figure [1](#F1){ref-type="fig"}). OCSs were prescribed to 61.7% infants, and 11.7% received ≥3 dispensations during 6-month follow-up (Figure [1](#F1){ref-type="fig"}); antibiotics were used by 80.2% of infants (Table [3](#T3){ref-type="table"}), mean 4.4 U per consumer, and 39.9% received ≥4 dispensations during 6-month follow-up (Figure [1](#F1){ref-type="fig"}).

![Histogram of frequency of use of respiratory drugs, oral corticosteroids, and antibiotics during 6-month follow-up among recurrent wheezing infants (N = 115,489). The *X*-axis represents the number of units dispensed and the y-axis the percentage of infants.](medi-95-e3404-g004){#F1}

Subgroups With Severe RW
------------------------

Infants with repeated (≥4) dispensations of respiratory drugs during the 6-month follow-up (n = 37,836; 32.8%) were mainly boys (64.8%; Table [1](#T1){ref-type="table"}). Addition of SABAs to ICS therapy (65.3%) was the most common marker of initial poor control in this subgroup. During follow-up, 97.1% of infants had ≥1 new episode of poor control; the most common markers of new episodes were addition of SABAs (90.1%), followed by OCS (75.0%). Hospitalization for asthma as primary diagnosis occurred in 8.7% of infants (Table [2](#T2){ref-type="table"}). This subgroup of patients was mostly followed by a GP and a pediatrician simultaneously (47.1%) with a mean of 9 visits. Among these infants, 90.8% received ICS, 19.5% received nebulized corticosteroids, 27.5% montelukast, 94.9% SABAs, 75.0% OCS, 86.1% antibiotics, and 8.9% FDC of ICS and LABA (Table [3](#T3){ref-type="table"}).

Infants with repeated (≥3) dispensations of OCS during 6-month follow-up (n = 13,554 infants, 11.7% of the cohort) were mainly boys (65.8%), the majority were aged 6 to 12 months (50.3%), and 22.2% had free-access-to-care status (Table [1](#T1){ref-type="table"}). In this subgroup, OCSs (67.5%) were the most common marker of poor control at index date (Table [2](#T2){ref-type="table"}). During follow-up, new OCS (100%) and addition of SABAs to ICS therapy were the most common markers of poor control (71.0%), and 8.3% of infants were hospitalized for asthma as primary diagnosis. Among these infants, 44.4% were followed up exclusively by a GP with a mean of 8.7 visits; 79.1% received ICS, 17.1% nebulized corticosteroids, 18.9% montelukast, 87.4% SABAs, and 7.2% FDC of ICS and LABA. The majority (95.6%) received antibiotics (Table [3](#T3){ref-type="table"}); each consumer received a mean 6.8 U.

Infants who were hospitalized for respiratory symptoms (≥1 asthma-related, acute bronchiolitis-related, and/or respiratory failure-related hospitalization; n = 6350 infants, 5.5%) were mainly boys (66.3%), the majority were aged 6 to 12 months (55.7%), 21.4% had free-access-to-care status, and 3.5% of infants had LTD status for severe chronic respiratory failure (Table [1](#T1){ref-type="table"}). During follow-up, addition of SABAs to ICS therapy was the most common marker of loss of control (83.4%), followed by OCS (79.8%) (Table [2](#T2){ref-type="table"}). In this subgroup, 23.4% had at least 1 biological sampling and 71.5% had at least 1 physiotherapy procedure (mean 15.2 visits among those concerned). Among these infants, 21.3% received nebulized corticosteroids (each consumer received a mean 5.6 U), 7.4% received FDC of ICS and LABA, 83.5% used antibiotics (each consumer received a mean 5.1 packs). ICS were dispensed to 84.4%, SABAs to 95.2%, and OCS to 79.8% of infants (Table [3](#T3){ref-type="table"}).

A total 44,984 infants (39.0% of the total cohort) were included in at least 1 of the 3 severe RW subgroups; 25.4% were included in ≥2 of the subgroups (9.9% of the total cohort), and 3% in all 3 subcohorts (1.2% of the total cohort; Figure [2](#F2){ref-type="fig"}).

![Schematic illustration of the overlap between the 3 sub-groups of severe recurrent wheezing (RW). A total of 44,984 RW infants were included in ≥1 severity sub-groups; the proportion of infants in each subgroup, as well as overlap (% of those with severe RW) is indicated.](medi-95-e3404-g005){#F2}

DISCUSSION
==========

This nation-wide, real-life study has found RW to be common and the high MRU and morbidity in RW infants indicate frequent poor control.

As diagnoses are not documented in French claims data, the identification of infants with RW relied on a proxy (2 dispensations of respiratory drugs ATC: R03, separated by 8-91 days, and a marker of poor control), which resulted in a population that represented approximately 8.2% of infants in France. Epidemiological data on the prevalence of treated respiratory symptoms in infants are rare, but this is consistent with the available literature (the prevalence of these symptoms in the first year of life is reported to be around 7.5%),^[@R13],[@R14]^ and the observed sex ratio is consistent with published data for young children younger than 5 years, wherein a 2:1 ratio is traditionally observed in favor of boys in asthma.^[@R15]^

Just under 80% of all RW infants experienced poor control over 6 months; SABAs were extensively used in the cohort as a whole and this increased among the "more severe" subgroups. According to the definitions used in the present study, up to 39% of RW infants had more severe disease, and the patterns of reimbursements among these infants indicate that they experienced worse levels of control than other RW infants. During follow-up, 68.7% of RW infants received ICS, but only 1.8 U were dispensed over 6 months, suggesting discontinuous use. Infants with severe RW had slightly higher counts of dispensations (2.3--2.6 U vs 1.8 U), but these figures were surprisingly low. Of particular note is the use of OCS. This class of drug was dispensed to over half of the cohort and just over 10% had at least 3 dispensations during the follow-up period. The frequent use of OCS could be because of the relative inefficiency, irregular, or inadequate use (possibly owing to difficult use of inhalation devices), of ICS in this population.^[@R16]^ The use of OCS could also be due to conditions other than respiratory symptoms, for example, ENT infections. However, the "frequent OCS user" sugroup is of particular interest, as it is characterized by frequent free-access-to-care status, and many infants were followed by GPs exclusively, which might suggest a lower quality of care in this subgroup. Poor control and morbidity were also indicated by hospitalization for respiratory symptoms (asthma, acute bronchiolitis, or respiratory failure) that concerned 5.5% of RW infants, and which is consistent with the literature, as it is reported that 6.3% of wheezing infants required hospital admission for bronchiolitis.^[@R17]^ Overall, our results confirmed the high use of healthcare resources owing to wheezing disorders in infants, already shown in a French study conducted on 560 infants.^[@R18]^ Additionally, it is interesting to note that not only just over half had physiotherapy procedures but also a substantial majority used antibiotics, and this increased further in the severe subgroups. There is however no evidence of clinical benefits from specific chest physiotherapy techniques for infants with RW episodes,^[@R19],[@R20]^ and there is again little evidence to recommend the use of antibiotics to treat or prevent persistent respiratory symptoms,^[@R21]^ especially in view of the role of virus in these infections.^[@R22]^

This study was conducted using the SNIIR-AM database linked to the PMSI database^[@R12]^ that has the advantage to provide an extensive access to reimbursed MRU including drugs, medical procedures, medical and paramedical visits, as well as individual medical resource utilization, in primary and secondary care. However, there were certain limitations as few variables in the SNIIR-AM are available to describe patients: age, sex, free-access-to-care status, and LTD status in case of more severe disease. SNIIR-AM does not include clinical data (ie, results from blood tests), nor information on family history. Prescriptions without dispensation are not recorded, and dispensation does not ensure drug utilization by the patient. Doses associated with prescriptions, or their durations, are also not recorded.^[@R12]^ Finally, RW infants were identified using at least 2 distinct respiratory drug dispensations followed by a marker of poor control, as SNIIR-AM has no diagnostic data. Nonetheless, considering the complexity of reaching valid diagnoses in these very young subjects, the criteria used to identify RW may be considered to be relevant.^[@R1]^

The rate of outcomes during 6-month follow-up may have been overestimated; as the proxy for the recurrence (of wheezing) was initial poor control, these criteria may limit the generalizability of the findings. However, RW infants represented two-thirds of wheezing infants (as defined by 2 distinct respiratory drug dispensations alone), and the importance of this aspect is limited. An alternative could be to perform a field study, but besides the practical limitations, for instance, complex organization, such a design would be exposed to selection (eg, compliant caregivers) and classification biases (eg, identification of outcomes), which are avoided by using claims data.

In conclusion, RW in infants was common and frequently poorly controlled; further research is needed to better understand the high MRU and to test methods for optimizing medical care in this young population, for instance, regarding a more efficient use of ICS, and a more parsimonious use of OCS, SABAs, and antibiotics.
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